Using phenyl-a-L-iduronide as a substrate, a-L-iduronidase activity has been demonstrated to be reduced in leukocytes, serum, and cultured skin fibroblasts from obligate neterozygotes for the Hurler and Scheie syndronies (9, 14). IIall and Neufcld (9) demonstrated that the cu-L-iduronidase activity of Hurler heterozygous cdtured skin fibroblasts varied from 20 t o 95% of normal, with a mean value of 46%. This range overlapped that of material obtained from normal control subjects. Liem and Hooghwinkel (14) demonstrated a-L-iduronidase activity of 30 and 53% of normal control subjects in mixed leukocyte preparations from two Hurler obligate heterozygotes. Singh et al. (17) have reported a-L-iduronidase activity in serum o t one Hurler obligate heterozygote and one Scheie obligate heterozygo~e of I2 and 19% a-L-lduronidase activity and P-galactosidase activity were determined in mixed leukocyte preparations in 10 families in which the Hurler syndrome had occurred. Affected patients, heterozygotes, and normal subjects were clearlg distinguished by a-l-iduronidase activity alone. Patients had &3%, obligate heterozygotes 19-6070, and normal subjects 83-121% of the mean normal activity. There was no oversap between heterozygotes and normal subjects. Although the mean a-l-iduronidase to p-galactosidase ratio was significantly lowered in heterozygotes when compared with that of normal subjects, appreciable overlap was noted between the two groups.
Speculation
Carriers and affected individuals for Hurler syndrome can be reliably detected using mixed leukocyte preparations for the determination of 0-L-iduronidase activity. As technology improves enzyme assays will become reliable enough for determination of heterozygotes for an increasing number of disorders, thus enabling more thorough and accurate genetic counseling.
of normal, respectively.
Although it is known that other lysosomal enzymes differ in specific activity among different leukocyte cell types (3, 12) and that factors resulting in a change from the normal differential may affect the reliability of carrier detection when mixed leukocyte preparations are used, no data have been published concerning the relative distribution of a-L-iduronidase among various leukocyte cell types. The Hurler and Scheie syndromes (rnucopolysaccharidosis IH We report a modified assay for a-L-iduronidase activity which and IS, respectively) are autosomal-recessive disorders character-employs mixed leukocyte preparations. The assay was used for ized by deficient activity of the lysosomal enLyme (ec. 3.2.1.76) controlled studies of families in which the Hurler syndrome has a-L-iduronidase (2, 9, 14, 16). This enzymatic defect results in occurred and appears to be sufficiently accurate and precise to generalized lysosomal accumulation and excessive urinary excre-enable the detection of heterozygosity with greater than 95% contion of partially degraded mucopolysaccharides containing fidence.
WAPPNER AND BRANDT MATERIAL AND METHODS
in Figure 1 , and sunimarired in Table I . Normal subjects, patients,
Ten patients with the Hurler syndrome and their families have been followed a t the Indiana University Hospitals over the past 10 years. Two patients who expired before the availability of enzyme diagnosis had the clinical manifestations of classic Hurler syndrome and documented mucopolysacchariduria. mainly of heparan sulfate and dermatan sulfate.
Blood samples (10-20 ml) were drawn into heparini~ed plastic syringes. Plasmagel (20) was added (4: 1, whole blood-Plasn~agel), the mixture inverted 10 times. and the syringes allowed to stand 30 min for sedimentation of the erythrocytes. The plasma-leukocyte suspension was aspirated into 50-ml plastic conical centrifuge tubes and centrifuged at I50 x g for 20 min at 4". The cells were washed once with isotonic saline. the erythrocytes lysed with osmotic shock (distilled water for 45 sec), and the cells further washed three times with 0.05 M NaCI. The cells were then suspended in 1 ml 0.15 M NaC1/20 ml original whole-blood volume, quick-frozen and thawed three times, and the suspension centrifuged at 10,000 x g for 15 min at 4". The supernatant was removed and, if not used immediately, stored at -70°.
Protein was measured using a modification of the Lowry method (15). The supernatants contained between 1.2 and 3.0 mg protein/ml.
a-L-Iduronidase activity was determined as previously described by Hall and Neufeld (9) with modifications. Incubations were carried out in I-ml glass conical centrifuge tubes (21) . lncubation mixtures contained 10 p1 0.01 M phenyl-a-L-iduronide (22) After 18 hr at room temperature. 270 p1 freshly diluted Folin-Ciocalteau reagent (23) (1 part reagent to 2 parts water) were added. The protein precipitate was removed by centrifugation at 2,000 x n for 15 min at 4'. Two hundred microliters of the and heterozygotes can be clearly distinguished by a-L-iduronidase activity. Patients show 0-370. obligate heterozygotes 19-60%, and normal subjects 83-1 2 1 %, of the mean normal activity.
Three individuals among the siblings and other relatives had a specific activity between the ranges of normal subjects and obligate heterozygotes. One sibling and one relative had values well within the +2.5 S D limit for the obligate heterozygotes and well outside of the -2 . 5 S D limit of the control group; thus they were designated heterozygotes. The other relative, whose activity was between the 2.5 S D limits for both groups, was considered to be a heterorygote for two reasons. First, her level of specific activity was well below the lowest normal in either the initial or supplemental study. And, second, family studies revealed her husband to have normal activity whereas her two daughters had levels in the obligate heterozygote range.
A supplemental study of normal persons was carried out to determine whether minor spontaneous normal variations in the relative concentrations of the different types of leukocytes would affect the results of the enzyme assays. Of the 15 persons evaluated, 8 were also in the initial study. 0.32 S D , range 1.24 2.57. There was no statistically significant difference between the two groups of normal subjects in any of the three determinations. Although the second group of normal subjects had a wider range of specific activity, there was no overlap with that of the obligate heterozygote range. When compared with the results from obligate heterozygotes, the second group also significantly differed in a-L-iduronidase activity ( P < 0.001) and in the ratio of a -Liduronidase to P-galactosidase activity ( P < 0.001).
supernatant were carefully removed and transferred to a test tube and allowed to come to room temperature. Three hundred microliters of 12% Na,CO, were added with immediate mixing and the color developed at 37" for 20 min. Absorbance was read at 660 nni in a Gilford spectrophotometer (24) against a substrate blank. 300 P-Galactosidase activity was measured as previously described by Hall and Neufeld (9). Incubation mixtures contained 50 p1 0.04 M p-nitrophenyl-P-galactopyranoside (23) : 100 pl 0.5 M sodium 5 acetate buffel, pH 5.0; supernatant (40-100 pg protein) ai?d ' '" distilled water to a total volume of 500 p l After I hr at 37O the -!! tubes were immediately iced and ! ml 0.05 M N a O H was added.
The mixture was centrifuged at 1,000 x g for 3 min and the ,:. zoo absorbance read at 400 nm in a Gilford spectrophotometer (24) against a substrate blank. 
E! +
The enzyme preparations were found to be stable for a -L -
50
iduronidase activity for at least 4 months when stored at 7 0 ' . Although age-matched controls were not employed, there was no noted variation in activity with age (6 months to 70 years). There Persons M e a n R a n g e Homozygotes and heterozygotes for the syndrome may present study shows that both patients and heterozygotes for the be clearly distinguished from normal subjects using the substrate Hurler syndrome can be defined in this manner.
phenyl-a-iduronide for measurement of activity of a-L-iduroniIn order to verify the results of the initial study, a supplementary dase in mixed leukocyte preparations. Comparison of a-L-iduronistudy of normal subjects with known normal leukocyte counts and dase results. activity and P-galactosidase activity did not strengthen the differentials was done. It is suggested that preliminary leukocyte counts and differentials be done on all subjects in whom mixed REFERENCES AND NOTES leukocyte preparations are to be used for lysosomal enzyme assays which might affect the results, addition, studies should be
